It is a multifaceted extensive subjective procedure, extended over time and dependent mainly on the level of training of recruiters [7] .
Introduction
Under conditions of active development of innovative information technologies and software development, human resources (IT-professionals) are turning into the main strategic resource of organizations [1] , which ensures their long-term competitiveness and achievement of goals, set by the organization [2] . Therefore, development of new conceptual approaches to recruiting IT-professionals is becoming increasingly important and relevant [3] . Recruitment is the process of searching for and selecting personnel for vacant positions in the staff of a company [4] . It is the main function and responsibility of human resources managers and recruiters [1] . Different approaches and information sources are used for recruitment [5] . The main sources are the internal database of a company or an agency, websites for a job search, social capital (or searching for candidates among acquaintances), media, social networks, forums, blogs, etc., the employees of companies-competitors (attracting professionals from other companies), higher educational establishments (inviting young specialists from higher education institutions), and cooperation with recruiting agencies [6] .
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professionals [12] . Automation greatly reduces the time for selection of skilled workers and decreases the amount of data that need processing; it leads to a decrease in the subjectivity influence regarding recommendations of qualified people to the position. Taking into account the level of competences of applicants during recruiting makes it impossible to hire unqualified professionals [14] .
Competences are the dynamic combination of knowledge, understanding, habits, abilities and skills [15] . Development of competences is the aim of training programs [16] . Competences are formed in a variety of academic disciplines and are evaluated at different stages [3] .
Competences are divided into three types [2] : A -Instrumental (cognitive, methodological, technological and linguistic abilities).
B -Interpersonal (communication skills, social interaction and cooperation).
C -System (combination of understanding, receptivity and knowledge, ability to plan changes for the improvement of systems, development of new systems).
In the European dictionary, the term "employability" (qualification for employment) is becoming increasingly popular; it describes the totality of knowledge, skills, habits, a good command of approaches to solving practical situations, as well as the ability and desire of continuous improvement and professional development [2] . Qualification for employment includes the following competences [17] :
-level of self-organization; -ability to work in a group; -ability to perform specific tasks; -communication skills and literacy; -knowledge of information technologies, etc. We will note that these are so-called general competences that are independent of the main profile of a chosen profession.
Survey [2] , conducted among European employers (mostly representatives of industry and business), demonstrated that the chances of getting a proper place in the labour market depends on:
-skills that characterize employability -78 %; -positive attitude to work -72 %; -appropriate practical experience (internship) -54 %; -area of the obtained education and training -41 %; -level of academic achievement at a higher educational establishment the applicant graduated from -28 %;
-name (prestige) of educational institution the applicant graduated from -8 %.
The aim and tasks of the study
The aim of the work is the development of a multi-criteria optimization model of recruitment based on the analysis of competences of an IT-specialist. This will make it possible to automate the process of selection of IT-specialists in the recruitment departments of IT-companies through the development of appropriate software based on the developed model.
To achieve the aim, it was necessary to solve the following tasks:
-development of a formal model of classification of IT-professionals by the level of competence; -development of the rules of competence evaluation of IT-specialists; -development of the rules of recommendations for the positions of IT-specialists.
A formal model of recruitment based on the analysis of competences of an IT-specialist
Paper [2] contains a prioritized list of 31 competences (K={k 1 , k 2 , …, k 31 }) according to the programme Tuning (Table 1). The priority is calculated by the method of hierarchy analysis (analytic hierarchy process, AHP) [18] . Each competence belongs to one of the criteria {A, B, C} [2] .
Let us sort out the criteria of the K i competence by categories (Table 1) . For each category we will find coefficient of relative importance of criteria of competence w i (as arithmetic mean of priorities of a category) [19] . Using the TOPSIS method [20, 21] , we compute coefficients of relative importance of private criteria of competence i j w and the weight coefficients of private criteria of competence = i i j j w w * w (Table 1 ) [22] .
In the course of studying, the profile of distant student S is formed considering each level of competence To acquire a specialty, it is necessary to complete several courses
A course consists of disciplines
Within each discipline, there are blocks of themes
it is the choice of an expert group, which develops professional educational program. For each D ij , a group of experts determines weight s ij for competence K i ( s = ∑ i n ij j 1) using the AHP method [23] . For each C i we construct a table of relationship between program competences and components of educational programs of a particular specialily (columns contain the list of disciplines, lines contain the list of competences). For example, for specialty 124 "Systems analysis" [24] , the expert group defined 48 disciplines with the set of 28 competences and described the relationship between program competences and components of the educational program of a particular specialty. Each cell of this table is the presence or absence of a particular competence in a particular discipline. Accordingly, the matrix of weights of disciplines for the list of competences from the Tuning program is plotted. Because of the lack of professional expert studies of the relationship between program competences from the Tuning program (Table 1 ) and the components of educational program of a particular specialty, in this paper we assume that Analyzing the obtained weights of disciplines, the expert group estimates the weight of semesters or courses The set R contains specific learning outcomes by the theme blocks
or by disciplines D i . G are the learning outcomes by the category of competence at 
.,g },
..,g },
Fig. 1 displays tree of analysis of relationship between courses, disciplines, themes and learning outcomes.
is assessed by the ECTS scale (Table 3) . For a more accurate assessment of a student's level of competence, fuzzy trapezoidal numbers R O are used in the TOPSIS method. In the course of finding trapezoidal fuzzy numbers, correspondence between the ECTS scale and numeric grades was used, which is presented in Table 2 .
Next, we find weights of competences for particular student S i λ = Ω

  e e o s c R .
and a student's rating by the levels of acquired competences
To analyze learning outcomes of student S i , we calculate his level of competence through the calculation of R i and G i by the defined set of characteristics a S within [0;100] (Table 3) .
Then we normalize → 100 50 50 p ), and in case 2 -taking into account the level of competence. Column "Assessment limits 1" was obtained considering the point scoring assessment of alternatives at higher education institution (that is, a student with total assessment for the entire period of studying, for example, 80,5 points, may qualify for all positions, starting with the 4 th , whereas he can not qualify for the first 3 positions; to receive position 13, it is necessary to be assessed within [50; 74.5287]). Column "Assessment limits 1" was obtained considering factor of importance by AHP (column 3 of Table 4 ). Column "Assessment limits 2" was obtained without considering significance by AHP (a ⋅ = + − Table 4 displays an approximate list of common positions in IT-cluster in Ukraine. Outside Ukraine (for instance, in the EU), this list is much wider. The list was formed and sorted based on the results of a survey of representatives of IT-cluster in Lviv. At present, much to our regret, there are no clearly formulated general requirements to each of the listed positions. Each company determines the range of qualifications for each of the enumerated positions. For example, in some of them, to take up the position of Programmer, it is sufficient to know one of the programming languages, and to take the position of Software Engineer, an applicant must know the basics of algorithmization. The position of Student was introduced to the table conditionally, in order to indicate minimum conditions for making recommendations for 
Analysis of results a S *100 further positions. In Ukraine, according to the requirements of Ministry of Education and Science, postgraduate training requires higher qualification than that for other positions in IT-cluster. If recommendations for positions numbered 2-7 allow IT-companies immediately and without any hesitation to hire recommended graduates, the recommendations for positions numbered 8-15 only register the possibility for a graduate to take such positions after appropriate internship and gaining experience at previous positions. Recommendation for position 10, for example, indicates only that a graduate can take positions 2-7 with the prospect of a career growth to position 10 inclusive with the competences acquired in the course of studying. In future he can qualify for higher positions under condition of development of his skills and competences. To run an analysis of learning outcomes and to make recommendations, we divide all students into 3 levels of training. In accordance with the value of the competence priority (Table 1) , we divide the sorted list of competences into three parts (equal). The first 10 competences (A-5, B-3, C-2) belong to part I, the next 11 competences belong to part II (A-3, B-5, C-3), and the remaining 10 belong to part III (A-1, B-2, C-7 ). An analysis of the level of competence of a subject according to learning outcomes will be used to make the rules of recommendations for a position or a choice of occupations (Table 5, 6 , b is analysis of competences according to learning outcomes). Table 5 Rules of determining competence of student S for the analysis of competences according to learning outcomes (b) Table 6 Rules of determining recommendations concerning professions of student S for the analysis of competences according to learning outcomes (b) According to the example of Table 1 
A formal model of IT-specialists classification by the level of competence
The process of making recommendations for a position or classification of IT-specialists by the level of their competence is described by superposition
where sign  means superposition of functions (output results of function a are the input date for function b, that is, it is a sequence of performing processes from the right to the left); a is the analysis of learning outcomes and compiling the rating by acquired competences; b is the analysis of competences according to learning outcomes; g is the analysis of requirements for a position by the level of competences and learning outcomes; d is making recommendations to a student/candidate regarding his profession according to statistics of studying and attainment of competences (d Integral index (coefficient of proximity of compared alternatives) d(x i ), obtained on the basis of evaluation of these private criteria, expresses a certain value of a degree of chance of hiring every candidate x i in the interval [0, 1]. The value of this magnitude allows making the final decision regarding each alternative candidate. In the process of conducting experiments connected with hiring an employee, we analysed the rules for choosing an alternative of recommendation for a position, according to the analysis of requirements for it (Table 7) [11] .
A level of competence depends on the learning outcomes over a certain period (for example, 4 years of studying). Each period (year) may have its coefficient of importance according to the expert assessment. As a result of pairwise comparison of the importance of attainment of competences for each of the 4 years of training, the following values of coefficients of importance depending on the year of study were obtained for case I: е 1 =0,375, е 2 =0,125, е 3 =0,125, е 4 =0,375. Table 8 As an example, we will analyze learning outcomes of any arbitrary 3 students (x 1 , x 2 , x 3 ) over four years for the purpose of their correspondence to 31 competences for the position of Senior Manager (position numbered 13 in Table 4 ). To do this, with the use of the TOPSIS method, we will calculate trapezoidal fuzzy numbers in Table 9 , reflecting one of the equivalents of assessing a student's level of knowledge (Table 2) .
According to Table 9 , a student can score maximum 12400 points (31*4*100). Candidate x 1 studied better in the 1 st year, worse -during the remaining years. x 3 , on the contrary, studied worse at the beginning of training, but had better results in the end. That is why they have different levels of competences according to the chosen specialty. Special subjects are usually taught in senior courses. Accordingly, x 1 and x 3 have equal rights to claim for a position without taking into account their level of competence in all 31 criteria. Taking into account the competence of years of studying, a matrix of trapezoidal fuzzy numbers is plotted (Table 10 ). Table 10 also displays aggregated trapezoidal fuzzy numbers. Elements of the matrix of aggregated trapezoidal fuzzy numbers are multiplied by weights of private criteria and results are normalized (Table 11 ). Table 7 List of alternatives of recommendations for selection of position Table 8 Coefficients of competence according to year of studying Table 9 Example of learning outcomes of students Table 10 Example of filling the matrix with aggregated trapezoidal fuzzy numbers with regard to competence of years of studying for case IV from Table 8 Criteria
Alternatives
Years of studying Next, integral matrix of fuzzy ideal positive (best, x*) and fuzzy ideal negative (worst, x -) decisions is plotted, which is presented in Table 12 . Table 12 Integral matrix of ІPD and ІND Results of distances of alternatives to IPD, calculated by the value of each individual criterion, are presented in Table 13 (columns 2-4). Results of distances of alternatives to IND, calculated by the value of each individual criterion, are presented in Table 14 (columns 5-7). Using the TOPSIS method, we will estimate the limits of criteria of competence and the level of competence for each of the three candidates. Taking into account the competences of years of studying, the matrix of trapezoidal fuzzy numbers is plotted, and aggregated trapezoidal fuzzy numbers are displayed. Elements of the matrix of aggregated trapezoidal fuzzy numbers are multiplied by weights of private criteria and the results are normalized. Then the integral matrix of IPD and IND, respectively, is plotted. For example, for case IV (Table 12) We defined distances of each alternative to IPD and IND according to each variant of coefficients of importance for each year of studying (5 cases are considered as an example, see Table 8 ). Then we calculated values of integral index that expresses the degree of proximity of each compared alternative to the ideal solution by TOPSIS, and based on the results, the ranks of each alternative were determined (Table 14) .
According to the obtained results, the best (optimum) option of decision in this case is IV, at which x 3, that is, candidate x 3 , is an alternative. Chances of candidate 
Results of studies of the proposed approach to making recruitment suggestions based on the analysis of competences of IT-specialist
For objectivity of decision making, the experts carried out the point-scoring assessment of alternatives, closest to ideal decisions. To assess the alternatives, the correspondent calculations based on the point-scoring system of linguistic values according to Table 2 were carried out. On the basis of statistical data, obtained with the use of the point-scoring system of assessing alternatives, proximity of each alternative to the ideal decision by TOPSIS was established, with the component of 12400 points. Results of decision making on the basis of the point-scoring system of assessing three alternatives (candidates for a vacant position) are given in Table 15 . Table 15 Results of point-scoring assessment of alternatives The best alternative is x 3 , which scored 11160 points similar ti x 1 , it is followed by priority by alternative x 2 . According to the degree of proximity to the ideal decision, a correspondent conclusion is drawn for each alternative using a point-scoring system of assessment of alternatives:
1) x 1 (d K (x 1 )=0.9) -the candidate fully meets all the requirements for the position.
2) x 2 (d K (x 2 )=0.732258) -the candidate meets the requirements for the position under condition that some indices can be easily filled in in the process of adaptation.
3) x 3 (d K (x 3 )=0.9) -the candidate fully meets all the requirements of the position.
Discussion of results of exploring the approach to making suggestions for the recruitment through analysis of competences of a specialist
The obtained results of experimental calculations based on TOPSIS for the task of selecting the best candidate were compared with results of the selection, obtained using the point-scoring assessment system. Table 16 presents results of the two approaches to the estimation of the level of competence and the analysis of alternatives by the degree of proximity to the ideal decision regarding making recommendations for a conditionally selected position 13 (Table 4 , Fig. 2 ), which allows conducting their comparative analysis. Comparison of results of the calculations with the use of two methods with regard to coefficients of relative importance of the basic recommended IT-professions (Table 4) reveals obvious discrepancy of the latter. Fig. 2 . Example of implementation of the calculation of coefficients of relative importance for the recommended basic IT-professions for a particular student Moreover, those candidates whose hiring in accordance with the proposed method is associated with great risk, with the use of the point-scoring assessment of alternatives fall into the category of the most preferred. Thus, the results of testing show sufficient sensitivity of the TOPSIS method in the process of selection of the best alternative among the best, while the method of point-scoring assessment does not actually allow distinguishing among several most prioritized candidates by the degree of proximity to the ideal alternative. This proves the effectiveness of the proposed methodological approach when solving the tasks of MQHR.
Conclusions
1. As a result of the conducted studies, we developed a method for the classification of IT-professionals by the level of their competence based on their analysis for making recommendations and recruiting. Due to the fact that its special feature is the analysis of competences, sorted out by the specialists of IT-industry, and taking into account dependence of attained competencies and learning outcomes of a graduate in a particular specialty, the automation of the recruitment process for appropriate positions according to a student's learning results is ensured.
A general formal model for the classification of ITprofessionals by the level of their competence was established and described. Its essence lies in a sequential analysis of the competence level of IT-specialist according to his learning outcomes in the chosen specialty. Thanks to it, recommendations for the positions in IT-industry are compiled according to the requirements of IT-cluster that automates the process of recruiting.
2. The matrix of influence of disciplines on competence was introduced. The rating of a specialist was defined based on the obtained grades in disciplines, coefficient of the year of studying a discipline and coefficient of importance of competences. The rules of evaluating the competence of IT-professionals were formed. They imply an analysis of the obtained weights of competences of a graduate from the comparison to the qualifications for the chosen positions, which makes it possible to compile a list of candidates for the recommended positions.
3. Based on the analysis of positions and required knowledge of the specialist, the rules of recruiting were formed, that is, the rules for recommendations for the positions of IT-specialists. They imply a comparison of the qualification level of applicants by the attained competences taking into account the learning outcomes and the weights of years of studying and discipline of training, which allows automating the process of recruiting.
